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Abstract
Motivated by recent works of Sen [1, 2] and Gibbons [3], we study
the evolution of a flat and homogeneous universe dominated by tachyon
matter. In particular, we analyse the necessary conditions for inflation in





Despite numerous eorts, is seems dicult to reconcile string theory with the
highly successfull paradigm of inflation. In this brief note, following Gibbons [3],
we point out that some form of Sen’s tachyonic matter [1, 2] might provide the
necessary ingredients for a phase of inflationary expansion in the early universe.
According to Sen [2], a rolling tachyon condensate in either bosonic or super-
symmetric string theory can be described by a fluid which in the homogeneous






p = −V (T )
√
1− _T 2  −ρ(T )(1− _T 2) (2)
with T the tachyon eld and V (T ) the tachyon potential. These expressions are
obtained from the tachyon matter eective lagrangian
L = −V (T )
√
1− _T 2. (3)
Given the generic properties of V (T ) for T  0, a most remarkable feature of
Sen’s equation of state (2) is that tachyon matter interpolates smoothly between
p = −ρ () w = −1 (4)
for _T = 0 and
p = 0 () w = 0 (5)
as _T reaches its limiting value _T = 1. As already emphasized by Gibbons [3],
if the tachyon condensate starts to roll down the potential with small intial _T ,
a universe dominated by this new form of matter will smoothly evolve from a
phase of accelerated expansion to a phase dominated by a non-relativistic fluid.
It is tempting to speculate that the latter could contribute to some new form
of dark matter. However, the topic of this paper is whether or not the tachyon
condensate could be relevant for inflation. (For related speculations, see for
instance [5] and [6].)
The shape of the tachyon condensate eective potential depends on the sys-
tem under consideration. In bosonic string theory for instance, this potential
has a maximum V = V0 at T = 0, where V0 is the tension of some unsta-
ble bosonic D-brane, a local minimum with V = 0, generically at T ! +1,
corresponding to a metastable closed bosonic string vacuum, and a runaway be-
haviour for negative T . An exact classical potential (i.e. exact to all orders in
α0, but only tree level in gs) encompassing these properties has been computed
by Kutasov, Mari~no and Moore [4],
V (T ) = V0 (1 + T/T0) exp (−T/T0). (6)
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Note that the curvature at the top of the potential (6) is d2V/dT 2 = −V0/T 20 .
As the tachyon eld has dimension [T ] = E−1, if _T  1, from Eq.(3) we see that
it is natural to rescale T by
p
V0T  φ. At V = V0, the mass of the canonically
normalized φ is then M2φ = −1/T 20 . In [4], T0  ls and V0 is the tension of a
bosonic Dp-brane, V0  1/gslp+1s . We shall see that these values of V0 and T0
seem marginally incompatible with inflation: the potential is simply too steep.
However, the values for V0 and T0 required to obtain slow-roll inflation are
within an order of magnitude of these values.
2 Tachyon matter cosmology
As shown by Gibbons, for a Roberston-Walker tachyon matter dominated uni-










with κ = 8piG = 1/m2pl and where we have assumed spatial flatness
1 and have
chosen to put the cosmological constant to zero. Entropy conservation gives as
usual
_ρ = −3H(ρ + p) (8)
the latter being equivalent to the equation of motion for the tachyon eld T ,
V T¨
1− _T 2 + 3H V
_T + V 0 = 0 (9)
where V 0 = dV/dT . We would like to use these equations to determine the
slow-roll conditions for inflation. The rst condition to be satised is that the
expansion is accelerating (see for instance [7] or [8])
a¨
a
 H2 + _H = −κ
6














In order to have a suciently long period of inflation, the tachyon eld should
start rolling with small initial _T . To relate the condition (11) to the shape of
the potential, we have to calculate the slow-roll conditons. Following a standard
1As tachyon matter turns into a non-relativistic fluid for large T , a closed Universe will
eventually recollapse. We assume flatness for simplicity. Alternatively, the recollapse can be
supposed to be in the far future of our model universe.
2This condition for inflation is in contrast to that obtained for a normal scalar eld, _φ2 <
V (φ).
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procedure [7], we can express the evolution of the universe as a function of T






and because of the monoticity of T with respect to time, we can rewrite this
equation as





where the prime denotes derivation with respect to T . Taking the square of the
Friedmann equation we get





V (T )2 = 0. (14)
This rst order dierential equation is the analog for tachyon matter of the
Hamilton-Jacobi form of the Friedmann equation with a single inflaton eld [9].




Solving (14) for H(T ), we can then get _T as a function of T






Using the potential (6) one can solve (14) numerically. We have chosen the eld
T = Ti to be slightly displaced from the maximum of the potential with initial
_Ti = 0. We also assume Ti > 0 for obvious reasons. The amount of inflation
obtained depends upon the variable T/T0 and on a dimensionless parameter X0




In Figure 1 we plot _T 2 for dierent values of X0. The pertinent feature of this
gure is that for increasing X0, inflation ends at increasing values of T . This is
equivalent to requiring that as the rolling of the eld commences, the T¨ term is
negligible in the equation of motion for the tachyon eld (9), so that
3HV _T  −V 0. (18)
Another quantity of interest is the number of e-folds during the inflationary
phase,











This is shown in Figure 2. To successfully use inflation to solve the horizon
problem and bring us a suitably flat spectrum of perturbations we require
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Figure 1: _T 2 as a function of T/T0, for various values of X0. Inflation stops
when _T 2 > 2/3.
N  50− 60 e-folds of inflation whilst the eld is rolling. As always, there is
some uncertainty in the number of e-folds related to the choice of initial con-
ditions. However, if we assume that _T 2 is small initially and that T/T0 starts
at less than about 0.1 then the total number of e-folds becomes insensitive to
the exact initial conditions. We choose the value of X0 so as to accommodate
enough e-folds and the normalization to the COBE spectrum, which we shall
describe in the next section. For the time being, we simply note that inflation
lasts longer if X0 is larger, as shown in Figure 1. Once inflation is over the
expansion of the tachyon-matter dominated universe slows rapidly which pre-
cludes the possibility of the modes generated during the slow roll regime being
pushed outside our present day horizon.
3 Slow-rolling tachyon matter
The numerical analysis shows that inflation requires that X0 > 3. Once this is
satised the eld T evolves in a framework analogous to the slow-roll approxi-





HV _T  −V 0 (21)
























These are just the usual denitions of the slow-roll parameters  and η. Their
form is dierent from the usual expressions because we are taking derivatives
with respect to T . Near V0, for small _T , one can use the canonically normalized
eld φ =
p
V0T which brings (22) and (23) to their usual form [7]. As we assume
that the tachyon is rolling from the top of the potential, generically   η for
small T/T0, so that the second condition is the most stringent one. Using the
potential (6) to be specic, (23) becomes
κV0T
2
0  X20  1 (24)
a condition which is consistent with the numerical analysis of the preceding
section.
Finally we must estimate the size of the fluctuations and compare this esti-
mate with the magnitude of the density pertubations observed by COBE. As-
suming that the slow-roll approximation can be made to hold over a signicant
range of cosmic scales, the spectral index n(k) is taken to be scale independent
with
n  1− 2η  1. (25)
We also follow the standard procedure to estimate the density perturbations∣∣∣∣δρρ





















and we obtain the expression for the density perturbation during inflation when





which correponds to roughly 60 efolds before the end of inflation for 5 < X0 < 7.
Since δρ/ρ  2 10−5 we see that
X30p
V0T 20
 κ3/2V0T0  6 10−4. (30)
In order to calculate the magnitude of our perturbations, we assumed that
_T is negligible and that we are close to the peak of the potential so that we
can substitute T for the canonical scalar eld
p
V0φ. However, without a full
derivation of the perturbations starting with the Lagrangian (3) we cannot say
at what point our approximations break down, and what kind of behaviour
replaces the normal lore at that point. We hope to improve this situation in a
future publication.
4 Conclusions
In this paper we have investigated the possibility of using Sen’s equation of
state to see if we can obtain viable cosmological inflation. We have described
the conditions which the potential must full in order to provide enough e-folds
of inflation and density perturbations of the correct magnitude. Obviously, we
have left many open questions. One pressing issue is to understand whether the
approximation we made to estimate the density fluctuations is valid for tachyon
matter. Also, it could be interesting to see whether the pressureless tachyon
fluid could be a viable candidate for dark matter.
Furthermore, we have not mentioned the precise origin of the tachyon eld
in question, but given the string theory origin of Sen’s equation of state, it is
tempting to write the parameters V0 and T0 in terms of the string length ls and




, T0 = τ0ls. (31)
If we were to interpret this system as arising from tachyon condensation in
string theory, then we would expect the variables v0 and τ0 to be of order one.
However, if we look at the slow roll condition (24) and the requirement for
enough e-folds (Figure 2) we see that our parameters must fulll
X0 =
p
v0τ0 > 3 (32)
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This is consistent with the approximation for the power spectrum (25) where
deviations away from a flat Harrison-Zeldovich spectrum are supressed by a
factor of 1/X0. The magnitude of the perturbations as given by equation (30)
leads to the relation
v0τ0
p
gs  10−3 (33)
where we have used κ = gsl2s . In the absence of some unforeseen mechanism
which would make v0 very large and τ0 very small, this suggests that the re-
quirement for suitable density perturbations is that we are in a weak coupling






= (v0gs)1/4 < 2 10−2 (34)
which shows that the conditions for enough inflation and small enough pertur-
bations taken together also imply that the energy density of the tachyon eld
during inflation are safely below the scale at which gravity eects are strong.
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